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COMPLETE SPECIFICATION. 

Production of Phenob. 



We, Universal Oil Producis Company, 
a corporation organized under the laws of 
the State of Delaware, United States of 
America, of No. 30 Algonquin Road. Des 
5 Plaines, Illinois, United States of America, 
do hereby declare the invention, for which 
we pray mat a patent may be granted to us, 
and the method by which it is to be per- 
formed, to be particularly desca-ibed in and 

10 by the following statement: — 

This invention relates to the production 
of phaiol by the acid-catalyzed cleavage of 
cumene hydrop^oxide wherein the cleavage 
reaction mixture contaming phenol, acetone 

15 and the acid cleavage catalyst is neutrahzed 
and treated in a phenol-acetone separation 
means. In particular, this invention relates 
to an improved method of neutralizmg tiie 
cleavage reaction mbrture. 

20 The manufacture of phenol by partial 
oxidation of cum^e followed by the acid- 
cataJyzed cleavage of the resulting hydro- 
peroxide to form phenol and acetone has 
been widely accepted in the mdustry. The 

25 cleavage is usually effected in the presaice 
of a mineral acid, for example an aqueous 
solution of sulfuric, hydrochloric or per- 
chloric acid, and it is necessary to neutralize 
the cleavage reaction mixture to avoid fur- 

30 ther reaction during subsequent treatment 
thereof. Neutralization of the cleavage re- 
action mixture is convenienfly carried out 
by sorption of the acidic anion on an anion 
exchange resm. Such an operation suitably 

35 removes the anion but it is also accompanied 
by sorption of a considerable amount of the 
phenol product on the resin. When the 
resin is subsequently regenerated by treat- 
ment with alkaline solution, the residual 

40 phenol sorbed thereon is liberated into the 
waste alkaline solution in appreciable 
amounts resulting not only in product loss. 



but perhaps more important, in a serious 
waste disposal problem. 

The preset invention provides a method 45 
of neutralizing the reaction mixture resultmg 
from the acid-catalyzed cleavage of cumene 
hydroperoxide utilizing an anion exchange 
resin, which method obviates phenol loss 
due to caustic regeneration of the spent 50 
resin. 

Accordmgly. the present invention pro- 
vides a process for the preparation of a 
phenol by the acid-catalyzed cleavage of a 
nydroperoxy derivative of a secondary alkyl 55 
aromatic hydrocarbon, wherem the cleavage 
reaction mixture comprismg phenol, ali- 
phatic ketone and acid catalyst is neutralized 
by contacting said mixture with an anion 
exchange resm, phenol and ketone are re- 60 
covered from the neutralized reaction mix- 
ture, and thereafter the spent anion exchange 
resm is r^enerated by treatment with an 
alkalme solution, characterized by the im- 
provement which comprises contacting the 65 
spent resm before treatment with the alkalme 
solution with an aliphatic ketone thereby dis- 
placmg sorbed residual phenol from the 
spent resin, and recovering the resultant dis- 
placed residual phenol. 70 

According to a preferred embodiment of 
the invention, in producing phenol by the 
hydrochloric acid-catalyzed cleavage of 
cumene hydroperoxide in a cleavage reactor, 
wherehi the cleavage reaction mixture com- 75 
prising phenol, acetone and hydrochloric 
acid recovered from the cleavage reactor is 
neutralized and treated in a phenol-acetone 
separation means, and wherein said cleavage 
reaction mixture is neutralized by contact 
with an anion exchange resin, said resm, 
prior to r^eneration thereof by means of 
an alkalme solution, is contacted with ace- 
tone to displace the residual phenol, which 
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is thea recovered. In a still more advant- 
ageous embodiment the spent resin before 
r^eneration is treated both with the ketone 
and with at least a portion of the acid 
5 cleavage catalyst The ketone so utilized 
preferably is combined with additional 
cleavage reaction mixture, while acid catalyst 
so utiSzed is transferred to the cleavage re- 
actor. 

10 Another feature of this invention is the 
use of a tertiary amine anion exchange resin. 
Preferably the spent anion ecchange resin, 
prior to regeneration thereof, is contacted 
alternately with ketone and with at least a 

15 portion of the acid cleavage catalyst in 
ketone solution, the displaced residual 
phenol being recovered from solution with 
said ketone and from said acid catalyst- 
ketone solution by passing the latter to the 

20 cleavage reactor and combining the former 
with the aforesaid cleavage reaction mixture 
recovered from the cleavage reactor. Other 
embodiments and objects of this invention 
will become apparent in the following de- 

25 tailed description. 

As has been stated, the manufacture of 
phenol through partial oxidation of comene 
and acid cleavage of the resultmg hydro- 
peroxide to form phenol and acetone has 

30 been widely accepted in the industrjr. The 
process has been applied to the partial oxi- 
dation of secondary alkyl aromatic hydro- 
carbons in general, and particularly to 
secondary alkyl benzenes, and acid cleavage 

35 of the resulting hydroperoxide to yield a cor- 
responding phenol and an aliphatic ketone. 
Similarly, the process of this invention is ap- 
plicable to the treatment of cleavage reaction 
mixtures resultmg from the acid-catalyzed 

40 cleavage of hydroperoxy derivatives of 
secondary alkyl aromatic hydrocarbons in 
general, including cydoalkyl aromatic hydro- 
carbons such as cyclohexyl hemeae, and 
particularly cleavage reaction mixtures re- 

45 suiting from the acid catalyzed cleavage of 
a,a-dmiethylbenzyl hydroperoxide, more 
commonly known as cumene hydroperoxide, 
or-methyl-of-cthylbenzyl hydroperoxide, a-a- 
dimethyl-p-methylbenzyl hydroperoxide, or 

50 ar-dimethyl-p-ethylbenzyl hydroperoxide, oc- 
a.-o^'.o^-tetramethyl-p-xylyl hydroperoxide, 
o:,a-dimethyl-p-r-butylbenzyl hydroperoxide 
and a;,a.dimethyhiaphthylmethyl hydroper- 
oxide. 

55 Neutralization of the deavage reaction 
Biixture is effected by means of an anicni 
exchange resin, pref^ably a weekly basic 
anion exchange resin. A variety of such 
resins is available. The more conunon of 

60 them contain mixtures of secondary and ter- 
tiary amine functional groups. Those con- 
taining only tertiary amine functional groups 
have given the better results. Certain anion 
exchange resins, for example those based on 

65 matrices which are phenol-formaldehyde 



condensates or styrene-divinylbfflizaae co- 
polymers, exhibit high porosity and surface 
area. These are desirable in that a larger 
number of readily accessible functional sites 
per unit wei^t are available for the neu- 70 
tralization process herdn contemplated. 

In the neutralization of the cleavage re- 
action mixture by sorption, of the addic 
anion on the anion exchange resin, a con- 
skierable amount of the phmol product is 75 
also sorbed on the resin. The exact re- 
lationship between the spent resin and the 
residual phenol retained thereon has not 
been ascertained. It may be that the residual 
phenol is retained on the spent resin in 80 
chemical combination therewidi as opposed 
to physical combination. However, it is 
quite possible that tlie residual phenol is re- 
tained in both dhemical and physical com- 
bination with the spent anion exchange resm. 85 
the amount retained by either means being 
dependent on the particular anion exchange 
resin employed. 

In the present inv^tion it is preferred 
that the residual phenol be recovored from 90 
the spent anion ^change resin prior to 
caustic regeneration by contactmg the resin 
with a portion of the aliphatic ketone re- 
covered from the phenol-ketone separation 
means. The residual phenol is recovered in 95 
admixture with tlie ketone and will usually 
contain at least a small amount of the ac0 
deavago catalyst Phenol loss is avoided by 
combining this mixture with the cleavage 
reaction mixture recovered from the 100 
cleavage reactor and subsequently neu- . 
tralized in the manner herdn described. Any 
residual phenol remaining on fte sp^t resin, 
for example, that retained on the resin by 
diemical combination therewith, is recovered 105 
therefrom by further contacting the spent 
resm with at least a portion of the acid 
deavage catalyst prior to utilization as such 
in the deavage reactor. The add catalyst is 
preferably utflized in an aliphatic ketone 110 
solution to eSect a better penetration of the 
resin. The residual phenol displaced by the . 
add deavage catalyst is'recovered in admix!^ ' 
ture tha-ewith and sent to the cleavage re- 
actor together with the catalysf The ali- 115 
phatic ketone and the add deavage catalyst 
may be contacted with the spent resin in Qie 
described manner in altmiate flow one or 
more times to effect substantially quantitative 
recovery of the residual phenol. 120 

The process of this invention, is prefer- 
ably effected, in a continuous manner. One 
continuous type of operation is described 
with reference to the attached schematic flow 
diagram. The diagram shows three neu- 125 
tralization vessels numbered 1,^ 2 and 3, each 
of which contains an anion exchange r^in- 
To effect a continuous type of operation, 
the said vessds are arranged so that any two 
consecutive vessels, i.e.« 1 and 2, 2 aiEid 3, 130 
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or 3 and 1. may be utilized in series to effect 
neutralization of the cleavage reaction mix- 
ture while the remaining yessd is in the 
process of resin regeneration. For the pur- 
5 pose of the presoit description vessels 1 and 

2 arc utilized in one neutndization step and 
vessel 3 is in the process of regeneration. 

A cleavage reactor 4, an acid cleavage 
catalyst storage vessel 5 and an acetone 
10 storage vessel 6 are also shown. The acetone 
is supplied to the acetone storage vessel 
through line 21 from a phenol-acetone 
separation means not shown, for example a 
fractionation column. The acid deavage 
15 catalyst is maintained in the catalyst storage 
vessel 5 having been charged thereto through 
line 9 from an eternal source. 

The present description is vwth reference 
to the preparation of phenol. Accordingly, 
20 cumene hydroperoxide, resulting from the 
partial oxidation of cumene, is charged to 
the cleavage reactor 4 through line 7. The 
cumene hydroperoxide charge is decomposed 
in said reactor in the presence of the add 
25 cleavage catalyst introduced to the reactor 
from the storage vessel 5 by way of line 8. 
The cleavage reaction mixture comprising 
phenol, acetone and acid catalyst is with- 
drawn from the cleavage reactor through 
an overhead line 10 and passed to neu- 
tralization vessel 1 by way of line 11 and 
open valve 12, (valves 48 and 49 bemg main- 
tained in a closed position when the neu- 
tralization vessels are used in the sequence 
35 herein described). The cleavage reaction 
mixture contuiues downwardly through 
vessel 1 in contact with the anion exchange 
rosin, contained therem and is withdrawn 
from said vessel by way of line 13. (Valve 
40 47 located m line 13, valve 30 located in 
line 27 and valve 32 located in line 35 are 
in a closed position.) The cleavage reaction 
mixture then passes through an open valve 
15 located in line 14, passing by way of line 
45 14 to line 16 and downwardly m neutraliza- 
tion vessel 2. The cleavage reaction mixture 
continues downwardly mrough neutraliza- 
tion vessel 2 in contact with the anion ex- 
change resin contained therein and exits 
50 from said vessel through an op^ valve 19 
located in line 17. From line 17. the neu- 
tralized cleavage reaction mixture is sent to 
a phenol-acetone separation means which is 
not shown, usually a fractionation column. 
55 Valve 18 located in line 20 (employed when 
vessel 2 and 3 are utilized in sequaice), 
valve 33 located in line 36 and valve 29 
located in line 26 (utilized when vessel 2 is 
in the process of regeneration) are in a 
60 closed position. 

In the course of the neutralization process 
utilizing vessels 1 and 2 in sequence, the 
spent anion exchange resin disposed in vessel 

3 is subjected to regeneration in the foUow- 
65 mg manner: 



Acetone, from the acetone storage vessel 
6, is withdrawn therefrom through valve 23 
located in line 22 and charged to line 25. 
At this time, valve 24 in line 25 is in a closed 
position. The acetone passes by way of 70 
line 25 through valve 28 and then upwardly 
through vessel 3. Valve 30 in line 27 and 
valve 29 in line 26 (provided for the re- 
generation process with respect to vessels 1 
and 2) are closed. Also, valve 43 located in 75 
line 44, and valve 46 located in line 45, and 
also valve 34 in line 31 are maintained in a 
closed position during regeneration of the 
resin in vessel 3. The acetone is passed up- 
wardly in vessel 3 in contact with the spent 80 
resin. When the acetone has reached a level 
in vessel 3 so that substantially all of the 
spent resm has been contacted, the acetone 
flow is reversed, the acetone being with- 
drawn from vessel 3 via line 25 and valve 85 
28. The acetone is returned tiirough line 
25 and valve 24 located thereia, and com- 
bined with the cleavage reaction mixture 
withdrawn from the cleavage reactor 4 
through line 10. In the return acetone flow 90 
valve 23 is turned to a closed position. In 
this manner, the acetone, containing residual 
phenol from the spent resin and usually at 
least trace amounts of the acid catalyst, is 
combined with the cleavage reaction mixture 95 
to be treated and recovered therewith in the 
manner described. 

After vessel 3 has been drained of acetone, 
the spent resin is similarly treated with the 
acid cleavage catalyst Accordmgly, at least 100 
a portion of the acid catalyst is withdrawn 
from the storage vessel 5 by way of line 31 
and charged through valve 34 to vessel 3. 
valves 28, 43 and 46 being in a closed posi- 
tion during the acid treatment. The acid 105 
catalyst charge is continued upwardly in' 
vessel 3 in contact with the spent resin. 
When substantially all of the resin has been 
contacted, the acid catalyst flow is reversed 
and the acid catalyst is returned to the 110 
cleavage add storage vessel by the same 
route as charged. As previously mentioned, 
the acid catalyst is preferably utilized in 
acetone solution to effect a better penetration 
of the resm, in which case acetone from the 115 
acetone storage vessel 6 may be admitted 
to the said catalj^t stream through line 25 
and valve 28 durmg the acid treatment of 
the resin. The spent resin may be alter- 
nately treated with acetone and acid catalyst 120 
one or more times prior to caustic regenera- 
tion heremafter described. 

Subsequent to the acetone and acid treat- 
ment, tile spent resm is water-washed and 
thereafter treated witii alkalme solution. 125 
Water for the water-wash step is charged 
through line 37 and passes upwardly through 
vessel 3. The water flow continues up- 
wardly through the resin bed bemg with- 
drawn through line 38 and discharged to ISO 
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waste. Lines 39 and 40 of vessel 2. and 
lines 41 and 42 of vessel 1, correspond to 
Hues 37 and 38 of vessel 3 and are similarly 
utilized in the regeneration process. 
5 Regeneration of the spent resin is effected 
by charging the alkalme solution through 
line 37 to vessel 3 in the same manner as 
the previously described water-wash and 
similarly discharged to waste through line 

10 38. The regeneration treatment is foflowed 
by a water-wash in the described manner 
prior to re-utilization of the regenerated 
resin in the neutralization process. 

Also included in the schematic flow dia- 

15 gram are a number of lines and valves 
which are not utilized in this particular flow 
description but necessary to effect a con- 
tinuous process wherein the neutralization 
vessels are periodically alternated between 

20 the neutralization step and the reg^eraUon 
step as herem contemplated. 

The followmg examples are presented m 
further illustration of the process of this m- 
vention. 

25 EXAMPLE I 

A weakly basic anion exchange resm 
known under the trade mark •'Amberlyst 
A-21" and containing tertiary amine 
functional groups was placed in a vertical 

30 column of 50 cc. capacity. The resin bed 
had a final expanded volume of ^ 10 cc. A 
cleavage reaction mixture comprising about 
46% phenol, 34% acetone, 20% cumene, and 
also includmg 0.15% HCl and 1.1% wato". 

35 was processed downflow through the 

bed at a rate of 40 cc. per hour. In all. 550 
grams of the cleavage reaction mixture was 
processed through tibe resm bed. 
Thereafter, acetone was charged upfiow 

40 through the resin bed until the bed was im- 
mersed therein. After a period of about 30 
mmutes. the acetone was drained into a re- 
ceiver Following the acetone treatment the 
resm bed was sunilarly treated with a solu- 

45 tion consisting of 6% HQ, 54% wat^ and 
40% acetone, the solution bdng dram^ into 
a receiver after a period of about 30 minutes. 
The phenol d&mination washes were 
followed by simflar treatment of the resin 

50 bed with aqueous 2N sodium hydroxide 
solution. In eadi case, the washings were 
collected in a receiver and analyzed for 
phenol by ultraviolet spectroscopic methods. 
The results of this treatment are tabulated 

55 below. , „ 

Phenol Recovery 

Wash Number ' fems) 

1- (acetone) 3*^2 

2- (acetone-Ha) -05 

60 3-(acetoae) 18 

4- (acetoae-HCl) -02 

5- (aGetone) 

6- (acetone.HCD 02 

7- (acetone) -20 

65 8-(sodiuni hydroxide) 0.06 



EXAMPLE n 

In this examples, a weakly basic anion ex- 
change resin known under the trade miark 
"Duolite A-7" and containing both second- 
ary and tertiary amine functional groups 70 
was substituted for the anion exchange 
resin of Example I. The resin was treated 
with a cleavage reaction mixture, alternately 
treated with acetone and hydrochloric acid 
in acetone solution, and finally with a caustic 75 
solution, all in the same manner and under 
the same conditions as Example I. The re- 
sults are tabulated bdow; 



80 



Wash Number 

1 - (acetone) . 

2- (acetone-Ha) ... . 

3- (acetone) 

4- (aceton&.HCI) ... . 

5- (acetone) 

6- (acetone-HC0 ... . 

7- (acetone) 

8- (sodium hydroxide) 



Total 



Phenol 
Recovery 
(gms) 
2.40 
0,25 
0.17 

0.08 85 

0.08 

0.04 

0.04 

0.17 



3.23 90 



As will be observed, the sodium hydroxide 
wash is in each case vary low in phenol con- 
tent. Phenol in the acetone and in the 
acetone-hydrochloric acid wash is recycled 
through the neutralization process, as illus- 95 
trated with reference to the schematic flow 
diagram, and subsequently recovered. Re- 
covery in Example I was 98.8% and in Ex- 
ample 2, 94.8%. The process of the hiven- 
tion thus enables maximum phenol recovery 100 
by obviating phenol loss to the alkaline solu- 
tion utilized in regeneration of the spent ion 
exchange resin. The process also minimizes 
the disposal problem which results from the 
presence of sodium phenylates in the waste 105 
water. 

We are aware of Patent Specification No, 
970,945 in the name of Sodeta Italiana Re- 
sine. 

WHAT WE CLAIM IS:— HO 
1. A process for the preparation of a 
phenol by Ihe add-catalyzSed cleavage of a 
hydroperoxy derivative of a secondary alkyl 
aromatic hydrocarbon, wherem the cleavage 
reaction mixture comprismg phenot' ali-_115- 
phatic ketone and acid cata^t is neutralized 
by contacting said mixture with an anion 
exchange resin, phenol and ketone are re- 
covered from the neutralized reaction mix- 
ture, and thereafter the spent anion exchange 120 
resin is regenerated by treatment with an 
alkaline solution, characterized by tiie im- 
provement which comprises contactmg the 
spent resin before treatment with the alkaline 
solution with an aliphatic ketone thereby 125 
displacing sorbed residual phenol from the 
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spent resin, and recovering the resultant dis- aromatic hydrocarbon is a hydroperoxy de- 
placed residual phenol. rivative of a secondary alkyl benzene. 

2. Process according to claim 1, further 7. Process according to any of the claims 
characterized in that the spent anion ex- 1 to 6, further characterized in that the 

5 change resin, prior to regeneration thereof, spent resin is contacted with an aliphatic 35 

is contacted with an aliphatic ketone and ketone which is the same as that contained 

with at least a portion of the acid cleavage in the cleavage reaction mixture, 
catalyst and displaced residual phenol is re- 8. Process according to claun 6, further 

covered in admixture with said ketone and characterized in that phenol is produced by 

10 in admixture with said acid catalyst. the acid-catalyzed cleavage of cumene hydro- 40 

3. Process accordmg to claim 1 or 2, peroxide, the cleavage reaction mixture con- 
further characterized in that the spent resin tains phenol, acetone and acid catalyst, and 
is contacted with an aliphatic ketone con- the spent anion exchange resin is contacted 
taining acid cleavage catalyst. with acetone before treatment with the alka- 

15 4. Process according to claim 2. further line regeneration solution, 45 
characterized in that the spent resin is con- 9. Process according to any of the claims 

tacted alternately with the aliphatic ketone 1 to 8, further characterized in that the acid 

and with the acid cleavage catalyst, resultmg cleavage catalyst is sulfuric, hydrochloric or 

mixture of phenol and acid catalyst is re- perchloric acid. 

20 turned to the cleavage reaction and resulting 10. Process for the preparation of a 50 

mixtiure of phenol and aliphatic ketone is phenol as claimed in claim 1 and substan- 

combined with cleavage reaction mixture. tially as hereinbefore described. 

5. Process accordmg to daim 4, further 

diaracterized in that the spent resin is con- J. Y, & G. W. JOHNSON, 

25 tacted alternately with the aliphatic ketone Rimival House, 

and with a solution of the add deavage 14-18, High Holbom, 

catalyst in the aliphatic ketone. London, W.Cl. 

6. Process according to any of the daims Chartered Patent Agents, 
1 to 5. further characterized m that the hy- Agents for the Applicants. 

30 droperoxy derivative of a. secondary alkyl 
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This drawing is a reproduction of 
1 SHEET Original on a reduced scale 
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